This paper proposes an automatic tuning method for a motor speed control system. Parameters of a PI controller and a low-pass filter (LPF) for motor speed signal are automatically derived satisfying required specifications of a time constant of step response and a tolerable steady-state error of ramp response. In addition, cut-off frequency of the LPF is set as low as possible, which solves the problem of a tradeoff between response speed and noise reduction. The method helps people to tune a speed controller without trial and error and reduces man-hour for developments. In the derivation of the proposed method, the coefficient diagram method (CDM) is utilized. In this paper, the stability index, the equivalent time constant, and the representation of characteristic polynomial defined in the CDM are theoretically linked to the specifications of the step and ramp responses. This enables the proposed method to directly incorporate the required performance for tuning the PI controller and the LPF. Simulations results show that the proposed method derive a desirable controller which satisfies the specifications as theoretically expected. Effectiveness is also verified in experiments in the presence of sensor noise of a resolver and the controller achieves desired performance without trial and error tuning of the parameters.
Block diagram of the motor speed control system. The reference motor speed is shaped with a low-pass filter. It is designed as the 2nd-order one and to simplify the transfer function of the closed-loop system. The measured motor speed is also filtered with the 1st-order low-pass filter for noise reduction. The input torque for the motor is calculated with the PI controller using the error between the reference and actual motor speed.
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Step 4. Table 3 Results of the time constant and the steady-state error in the simulations. The step and ramp responses satisfy the required time constant and steady-state error as theoretically expected. They are realized without trial and error tuning of the controller parameters. 
